Oral direct-acting antivirals (DAAs) are the main therapy for hepatitis C virus (HCV)-associated liver disease in Japan. Daclatasvir/asunaprevir is the first agent and sofosbuvir/ledipasvir is the secondary agent for HCV genotype 1b. More recently, ombitasvir/paritaprevir/ritonavir is also recommended as a potent therapy for HCV genotype 1b. Among the adverse events associated with these oral DAAs, interstitial pneumonia is one of the most severe ones. Regarding treatment with daclatasvir plus asunaprevir or sofosbuvir plus ledipasvir, a few cases have already been reported in a postmarketing surveillance. Recently, we have encountered a HCV-associated genotype 1b cirrhosis patient who developed interstitial pneumonia during treatment with ombitasvir/paritaprevir/ritonavir and who recovered after drug discontinuation without corticosteroid therapy. Interstitial pneumonia was Case
Introduction
Antiviral therapy using oral direct-acting antivirals (DAAs) has recently become the main and most effective therapy for eradicating hepatitis C virus (HCV) in Japan. Daclatasvir/asunaprevir is the first [1, 2] and sofosbuvir/ledispasvir is the second agent [3, 4] . More recently, ombitasvir/paritaprevir/ritonavir is also used for eradicating HCV in HCVassociated chronic hepatitis and liver cirrhosis of Child stage A [5, 6] . However, these drugs have some adverse events including lung diseases. In general, among the lung diseases induced by drugs, interstitial pneumonia is the most frequent one [7, 8] .
We have recently encountered an HCV-associated cirrhotic patient who developed interstitial pneumonia during the administration of ombitasvir/paritaprevir/ritonavir. However, there are no detailed reports in the literature on interstitial pneumonia caused by oral DAAs, including ombitasvir/paritaprevir/ritonavir.
Case Report
A 77-year-old Japanese female (height 152.1 cm; weight 55.0 kg) with HCV-associated cirrhosis (genotype 1b) visited our clinic for treatment with oral DAAs. The patient had a history of HCV-associated chronic hepatitis in her 50s caused by blood transfusion to treat bleeding from a duodenal ulcer. Four months after the transfusion, she felt malaise, which lasted for 1 week. However, no therapy was performed. When she was 55 years old, her general practitioner diagnosed a gradual elevation of serum aspartate aminotransferase (AST) and serum alanine aminotransferase (ALT). The peak of ALT reached more than 100 IU/mL. Thereafter, she was treated with oral ursodeoxycholic acid (300 mg/day). It was confirmed that HCV antibody was positive. She did not receive IFN therapy (including Peg-IFN/ribavirin therapy).
This was her first IFN-free DAA treatment which is a standard therapy available in Japan for chronic HCV infection. Table 1 shows the laboratory data at the beginning of the therapy. The abnormal data were as follows: PT activity was 70.1%, serum albumin level was 3.3 g/dL, serum aspartate transaminase was 101 U/L, serum alanine transaminase was 50 U/L, alkaline phosphatase was 419 U/L, γ-glutamyl transpeptidase was 68 U/L, total cholesterol was 122 mg/dL, HCV-RNA was 6.5 log IU/ml of the viral load (real-time PCR), α-fetoprotein was 13.4 ng/ml, and the Child-Pugh score [9, 10] was 6 points. HCV was 1b type and HCV genomic deviation in Y93H was 3%. Abdominal ultrasonography and computed tomography revealed enlarge-ment of the left hepatic lobe and an irregular liver surface, and the patient was diagnosed with liver cirrhosis.
Ombitasvir 25 mg/paritaprevir 150 mg/ritonavir 100 mg [5, 6] was administered once a day from May 22, 2016. On June 13, the patient felt a sensation of fatigue. HCV-RNA was reduced gradually and became undetectable on July 17 (at 4 weeks of treatment). On July 18, dry cough appeared and lasted for 10 days. However, she had no fever throughout the course.
A chest x-ray 10 days after the onset of dry cough showed a ground-glass density in the lower part of the bilateral lungs (Fig. 1a) , which had almost disappeared at 4 weeks after stopping the administration of ombitasvir/paritaprevir/ritonavir (Fig. 1b) .
Chest computed tomography [11] showed typical features of interstitial pneumonia in the lower part of both lungs 18 days after the beginning of dry cough in both coronary and sagittal slices (Fig. 2) . Lung function tests including vital capacity were all within the normal ranges. O2 saturation was 98%. Additionally, serum KL-6 levels [12] were elevated to 1,036 and 1,180 U/mL on July 12 and 15, respectively (Table 1) .
On July 8, the drugs were discontinued (the duration of administration was 7 weeks). The dry cough disappeared gradually and fully resolved. Chest computed tomography on August 19 (70 days after discontinuation of ombitasvir/paritaprevir/ritonavir) showed the almost complete resolution of the interstitial pneumonia (Fig. 3) . In this case, interstitial pneumonia resolved spontaneously without steroid treatment.
Discussion
Oral DAAs are now the main therapy for HCV-associated liver disease in Japan. Daclatasvir/asunaprevir is the first agent [1, 2] , and sofosbuvir/ledipasvir is the secondary one [3, 4] . Recently, ombitasvir/paritaprevir/ritonavir has also been recommended for HCV genotype 1b infection [5, 6] . However, there are some adverse events associated with these oral DAAs, including interstitial pneumonia.
Fifteen patients have been reported in Japan who developed interstitial pneumonia caused by oral DAAs (Table 2 ): 4 cases due to asunaprevir/daclatasvir [13] , 5 cases due to sofosbuvir/ledipasvir [14] , 2 cases due to sofosbuvir/ribavirin, and 4 cases due to ombitasvir/paritaprevir/ritonavir, including our present case [15] . The incidence of interstitial pneumonia caused by oral DAAs is low: 0.002% with asunaprevir/daclatasvir, 0.0012% with sofosbuvir/ledipasvir, and 0.0095% with ombitasvir/paritaprevir/ritonavir [13] [14] [15] . Except 4 cases associated with asunaprevir/daclatasvir, there is a fatal case in each of these groups (Table 2) . Dry cough was the first symptom in almost all of these cases.
The age distribution was advanced: all 4 patients with the events associated with asunaprevir/daclatasvir were over 70 years old, and the majority of patients with severe adverse events including interstitial pneumonia caused by sofosbuvir/ledipasvir were over 76 years old. One younger patient with the event associated with sofosbuvir/ledipasvir, who was 54 years old, had a past history of interstitial pneumonia [14] . Although there have been no comprehensive reports of patients with the events caused by ombitasvir/paritaprevir/ritonavir, our patient was 77 years old.
Chest computed tomography, which was the main examination for the diagnosis of interstitial pneumonia [11] , was conducted in only 5 out of the 15 cases. In addition, serum KL-6 [12] , which is the best marker to diagnose intestinal pneumonia, was examined in only 2 cases, including our case.
Interstitial pneumonia resolved spontaneously in our case after the discontinuation of the drug without the administration of steroids. However, there are some patients who received steroid therapy [4] .
When dry cough appears in the course of the administration of DAAs, including ombitasvir/paritaprevir/ritonavir, interstitial pneumonia must be suspected immediately and prompt examination with chest x-ray and chest computed tomography are necessary.
Conclusion
We must pay careful attention to the development of interstitial pneumonia when dry cough appears during the treatment of HCV-associated liver diseases with oral DAAs including ombitasvir/paritaprevir/ritonavir, especially when the patient is elderly (over 70 years old). When dry cough appears, prompt examination with chest x-ray and computed tomography as well as estimation of the serum KL-6 level are recommended. 
